Study Design. Longitudinal follow-up study.
S pondylolisthesis is the anterior or posterior migration of one vertebra in relation to the next caudal vertebra. Spondylolytic spondylolisthesis is due to a pars interarticularis fracture and is usually observed first during childhood or early adult life, whereas degenerative spondylolisthesis refers to slip without an associated defect in the posterior vertebral ring. [1] [2] [3] Degenerative spondylolisthesis is considered a classic example of spinal instability resulting from progressive degeneration of both the facet joints and the intervertebral discs with aging. 4 Although spondylolisthesis is usually asymptomatic in its early stage, it can progress to spinal stenosis and result in neurogenic symptoms, such as leg pain, numbness, or weakness. 5, 6 The epidemiology data of spondylolisthesis from nonclinical, community based populations are limited. Prevalence estimates among women range from 6% in Taiwan 7 and 8% in Denmark 8 to 20%-25% in the United States, 9-11 whereas among men estimates range from 3% in Taiwan and Denmark to 4%-31% in the United States. [7] [8] [9] [10] [11] [12] [13] [14] It has been suggested that women are about three times more likely to be affected by spondylolisthesis than men. [7] [8] [9] [10] [11] [12] [13] [14] [15] Mr. and Ms. Os (Hong Kong) study for osteoporotic fractures represents the first large-scale prospective population-based study on bone health in older (!65 years) Chinese men and women. [16] [17] [18] [19] [20] [21] [22] [23] At baseline, 2000 men and 2000 women were recruited for the study during the period of August 2001 to March 2003. The results showed the prevalence of lumbar spondylolisthesis was 19.1% in elderly Chinese men, and 25.0% in elderly Chinese women, with most of these spondylolistheses being mild. 24 This study also showed that advanced age, short height, higher body mass index (BMI), higher bone mineral density (BMD), and known degenerative arthritis are associated with spondylolisthesis. 24 These results confirmed previous reports that women are more susceptible to spondylolisthesis than men. The male to female ratio of 1:1.3 (or 1:1.6 for anterolisthesis) in this study was, however, considerably lower than the results in previous population-based studies on Caucasian subjects. In the MrOS (USA) year-4 follow-up study of 300 elderly men, 10 Denard et al 16 reported that 12% of men with prevalent spondylolisthesis had progression and that 12% had new-onset spondylolisthesis over the study period. At the year-4 follow-up from the baseline, our aims for current study was to evaluate the progression, and new incidence of spondylolisthesis among communitydwelling elderly Chinese men and women.
MATERIALS AND METHODS
Overall study design follows that of the osteoporotic fracture in men (MrOS) study performed in the United States. [17] [18] [19] [20] [21] [22] [23] [24] The recruitment criteria were established so that the study results from the cohort would be applicable to a broad population of similarly aged community-dwelling men and women. The project was designed primarily to examine the bone mineral density (BMD) of older Chinese adults prospectively for 4 years. All participants were community dwelling, able to walk without assistance, had no bilateral hip replacement and had the potential to survive the duration of a primary study based on their general medical health. No participants had a known malignancy or previous lumbar spine surgery. The study protocol was approved by the Chinese University of Hong Kong Ethics Committee. Written informed consent was obtained from all participants.
The year-4 follow-up data were analyzed in the current report. From the initial cohort of 2000 men and 2000 women, 1519 (76.0%) males and 1546 (77.3%) females attended the follow-up. The remaining participants were unwilling or unable to attend for follow-up or were not contactable. Participants were interviewed using a structured standardized questionnaire as previously described. 17, 18, 24 For lower back pain, questions were structured as (QA) During the past 12 months, have you had any lower back pain? (0: No; 1: Yes); (QB) How often were you bothered by lower back pain in the past 12 months? (0: never; 1: rarely; 2: some of the time; 3: most of the time; and 4: all of the time). Physical activity was measured by the Physical Activity Scale for the Elderly (PASE) questionnaire modified for use in older Chinese men and women in Hong Kong. 25 BMI was calculated using the formula of weight/height 2 (kilograms per square meter). BMD (grams per square centimeter) at the total hip and spine (L1-L4) was measured by QDR-4500 W densitometers (Hologic, Inc., Waltham, MA).
Left lateral recumbent lumbar spine radiographs were obtained by adjusting exposure parameters according to participants' body weight and height. Spondylolisthesis was defined as a forward slip (anterolisthesis) or backward slip (retrolisthesis) of one vertebral body by at least 5% in relation to the next most caudal vertebral body and assessed from L1 to S1. Grading of spondylolisthesis was estimated using the Meyerding classification: grade 0, no slip; grade I, !5% and <25%; grade II, 26-50%; grade III, 51%-75%; grade IV, 76%-100%; and grade V, complete slippage. 26 All lumbar spine radiographs were interpreted and measured with a ruler and a compass bow by two musculoskeletal radiologists in consensus. The baseline radiographs were available for comparison during the assessment. This study did not differentiate between spondylolisthesis and spondylolytic spondylolisthesis as only lateral radiography was obtained. Anterolisthesis and retrolisthesis are together termed spondylolisthesis. Similar to a previous analysis, 24 the test-retest reliability assessment conducted on a sample of 100 films indicated 100% agreement on the presence and severity measurement of spondylolisthesis.
In this study, 23 factors were analyzed according to their relationship with the prevalence or progression of spondylolisthesis, including age, weight, height, BMI (kg/m 2 ), current smoking, current alcohol consumption, hypertension, angina, PASE score, chronic obstructive pulmonary disease (COPD), average left/right grip strength (kilograms), history of fracture, corticosteroid intake, self-reported degenerative arthritis (DA), lumbar spine BMD, hip BMD, low back pain, dietary calcium intake, diabetes, and longest occupation involving physical labor. For women, number of children, age at menopause, and any hormone replacement usage were also analyzed.
Statistical analyses were performed using the statistical package SAS, version 9.1.3 (SAS Institute, Inc., Cary, NC). Characteristics of participants with and without lumbar spondylolisthesis were compared for men and women separately. Two sample independent t tests were used for continuous variables, whereas x 2 tests were used for categorical variables. Logistic regression was performed for significant factors. All statistical tests were two-sided. An a level of 5% was used as the level of significance.
RESULTS
The radiographs of 1519 Chinese men (mean age 75.5 years, range 68-95 years) and 1546 women (mean age 75.7 years, range 68-102 years) were obtained. There was no difference in age between the two sexes (P ¼ 0.117). Based on radiographs, none of these participants' spines was diagnosed as having pathological fractures or diseases other than degenerative or osteoporotic changes. Prevalence of spondylolisthesis from L1 to L5 is listed in Table 1 (A, B, C, and D). Comparison of spondylolisthesis characteristics among male and female participants at 4-year follow up is shown in Table 2 . In male participants 479 (31.5%) of the 1519 participants had at least one level of spondylolisthesis. In female participants, 637 (41.2%) of the 1546 participants had at least one level of spondylolisthesis. During this 4-year period, in men spondylolisthesis progressed in 198 (13.0%) participants and there were 189 (12.4%) new (de novo) participants with spondylolisthesis. In women, spondylolisthesis progressed in 255 (16.5%) participants and there were 197 (12.7%) participants with new (de novo) spondylolisthesis. Women had a higher prevalence of spondylolisthesis than men (P < 0.001). Women also were more likely to have grade II spondylolisthesis (P ¼ 0.001). Spondylolisthesis was most common at L4/L5 level for both men and women. Age-specific prevalence of spondylolisthesis is shown in Table 3 . Spondylolisthesis increased with age in both men (P < 0.0001 for trend) and women (P ¼ 0.014 for trend).
Clinical characteristics between participants with and without lumbar spondylolisthesis at year-4 follow-up are shown in Table 4 . Advanced age, lower stature, higher BMI, lower grip strength, higher spine, and hip BMD are associated with lumbar spondylolisthesis both in men and in women, whereas higher weight, degenerative arthritis, and hypertension are associated with spondylolisthesis in women. A slightly higher incidence rate of low back pain was noted in both male and female participants with spondylolisthesis, but did not reach statistical significance (Table  4 , QA). With low back pain QB, female participants with spondylolisthesis were more likely to be bothered by back pain in the past 12 months with frequency of ''some of the time,'' ''most of the time,'' or ''all of the time'' (Table 4) . Comparing participants without spondylolisthesis and participants with grade II spondylolisthesis, no statistical difference was found in the frequency of low back pain (P > 0.05) either for men or women (supplement Table 1 , http://links.lww.com/BRS/B119). With the two female participants who had spondylolisthesis grade III, one participant had back pain. Retrolisthesis was not particularly associated with low back pain (supplement Table 2 , http://links.lww.com/BRS/B119). Logistic regression analysis showed advanced age and BMD had statistically significant association with lumbar spondylolisthesis for men and women; lower grip strength also had a statistically significant association with lumbar spondylolisthesis in women (supplement Table 3 , http://links.lww.com/BRS/ B119).
Spondylolisthesis progression or de novo spondylolisthesis was significantly associated with higher weight, higher BMI, lower PASE, and lower grip strength, higher spine BMD, higher hip BMD at baseline for women, whereas higher spine BMD was only marginally significantly associated with spondylolisthesis progression or de nova spondylolisthesis (Table  5, supplement Table 3 , http://links.lww.com/BRS/B119).
Factors including current smoking and alcohol consumption, COPD, history of fracture, corticosteroid intake, dietary calcium intake, diabetes, age at menopause, longest occupation involving physical labor, number of children, and hormone replacement therapy were not associated with a higher prevalence, progression, or new incident lumbar spondylolisthesis.
DISCUSSION
This study showed the prevalence for elderly men (mean age 75.5 years, range 68-95 years) and elderly women (mean age 75.7 years, range 68-102 years) was 31.5% and 41.2% respectively. At year-4 follow-up, in men spondylolisthesis progressed in 13.0%, and appeared de novo in 12.4%. In women, spondylolisthesis progressed in 16.5%, and appeared de novo in 12.7%. This results correlate with the Denard et al 's 10 report on MrOS (USA) year-4 follow-up study, where they reported 12% of men with prevalent spondylolisthesis had progression, whereas 12% without baseline spondylolisthesis had new onset. Women are more susceptive to spondylolisthesis than men. The male to female ratio remained of 1:1.3 (same as the year-0 data), which is a lower prevalence than reported from populationbased studies on Caucasian participants. 10, 14, 15 However, the male to female ratio was 1: 3.4 for grade II spondylolisthesis (2.7% vs. 9.1%), whereas it was 1: 1.86 (2.8% vs. 5.2%) for the year-0 data.
Disc and facet joint degeneration are the most likely causes of spondylolisthesis, 15, 27, 28 although increased sagittal orientation of the facet joints, loss of paraspinal muscle bulk, [24] [25] [26] [27] [28] [29] [30] [31] [32] increasing age, 11, 27 iliolumbar ligament strength increased pelvic inclination or reclination, and increased L1-S1 angulation have all been considered to be additional potential causes. 10 Spondylolisthesis progression or de novo spondylolisthesis can also be partially attributed to agerelated disc degeneration. 20, 33 Wang et al 19, 20, [33] [34] [35] recently demonstrated that elderly women had more severe disc narrowing than their male age-matched counterparts. The higher severity of disc degeneration in elderly women may be partially responsible for the higher prevalence of degenerative spondylolisthesis in women. Our results suggested that higher BMD was associated with higher prevalence of spondylolisthesis progression or de novo spondylolisthesis. It has been previously suggested that higher spine BMD is associated with more severe disc degeneration. 20, 21 It is therefore likely that higher BMD leads to more severe disc degeneration, and in turn leads to higher degenerative spondylolisthesis prevalence. However, the association with spine BMD should be interpreted with caution, as disc space narrowing, vertebral osteophyte, subchondral sclerosis, facet joint degeneration can be associated artificially high spine BMD. 36, 37 However, it remains difficult to fully explain why higher hip BMD was associated with higher spondylolisthesis prevalence. Unsurprisingly, a history of self-reported degenerative arthritis is associated with a higher prevalence of spondylolisthesis. On the other hand, physical activity and greater grip strength, likely to be associated with stronger paraspinal muscle bulk, may play a protecting role via stronger muscles to maintain the stability of the spine.
With higher BMI, biomechanically both the compression force and the axial load on lumbar facet joints are increased, 38 thereby leading to spondylolisthesis. Elderly male and female participants with spondylolisthesis were all slightly shorter (0.44% for men, 0.4% for women, both P < 0.05), this may be caused by spondylolisthesis being associated with narrowed disc spaces. 9 Lifestyle factors, such as alcohol consumption and cigarette smoking, can affect bone health. 39 Others suggested that diabetes and atherosclerotic disease may be associated with degenerative spondylolisthesis. 40 In our study, hypertension was significantly associated with spondylolisthesis in women, whereas dietary calcium intake, diabetes, history of fracture, smoking, alcohol consumption, corticosteroid intake, and COPD were not associated with spondylolisthesis in either men or women. These results generally agree with previous reports.
9,41 A few factors are statistically significantly associated with spondylolisthesis in women, but not in men (Tables 4 and 5 ). This could be partially because of the lower prevalence and incidence of spondylolisthesis in men than in women, and the associations are likely to be weak. In a systemic review by Raastad et al, 6 a significant strong association was found between spondylolisthesis and low back pain in occupational groups but only weakly associated in community-based groups. However, systemic review by Andrade et al 42 showed no association between low back pain and lumbar spondylolysis with or without isthmic spondylolisthesis. The current study showed no statistically significant relationship between low back pain and spondylolisthesis in men, but a weak relationship between low back pain and spondylolisthesis was noted in women (Table 4) . Interestingly, comparing participants without spondylolisthesis and participants with grade II spondylolisthesis, no statistical difference was found with low back pain both for men and women. This weak association between low back pain and spondylolisthesis has been documented in previous publications. 3, 41, 43 The main limitation of the current study is that participants with a high likelihood of surviving the study duration were enrolled. This could have led to a selection bias in favor of relatively healthy participants. However, this is an inevitable feature of medium to long-term prospective elderly cohort studies. 16 As in many previous studies, 4, 7, 9, 10, 12 recumbent lateral radiographs were used to assess spondylolisthesis in this study. Mean slip distances observed among 125 patients with spondylolysis (spondylolisthesis) were not significantly different on recumbent and standing radiographs, being 12.0 mm (AE8.8) on recumbent and 12.3 mm (AE8.6) respectively. 44 In this study, it was not possible to differentiate degenerative spondylolisthesis from spondylolytic spondylolisthesis. However, in elderly participants, spondylolytic spondylolisthesis made up only a very small portion of total spondylolistheses. 45 In conclusion, at year-4 follow-up, in elderly men spondylolisthesis progressed in 13.0%, and appeared de novo in 12.4%. In elderly women, spondylolisthesis progressed in 16.5%, and appeared de novo in 12.7%. The overall male to female ratio in Chinese participants was 1:1.3 which is lower than that reported for Caucasian participants. Women tended to have more Meyerding grade II spondylolisthesis than men. Physical activity and greater grip strength may play a protecting role via stronger muscles to maintain the stability of the spine, whereas higher BMD, and self-reported degenerative arthritis were associated with a higher prevalence of spondylolisthesis. Our study also reinforced some of the previous studies in which advanced age and higher BMI were associated with a higher prevalence of spondylolisthesis. The association between spondylolisthesis and low back pain was weak.
Key Points
Spondylolisthesis progressed in 13.0% and appeared de novo in 12.4% of elderly men. Spondylolisthesis progressed in 16.5% and appeared de novo in 12.7% of elderly women. Higher BMI and BMD were associated with spondylolisthesis progression in women.
A weak association was noted between spondylolisthesis and low back pain in women.
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